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Abstract 
A chalcone, 1-phenyl-3-(4-dimethylamino phenyl) prop-2-en-1-one (PDAC) was synthesized and the structure was confirmed by 
FT-IR and single crystal XRD techniques. This chalcone was doped to Poly (Vinyl Alcohol) and films were prepared by solution 
casting method. The optical studies on pure PDAC and films were carried out with UV-Visible, Z-scan and DFWM techniques. 
The nonlinear parameters of the samples were obtained by z-scan. An enhancement in NLO response was observed in films. The 
results were compared with nonlinear parameters obtained with pico second DFWM experiment. The composite is thermally 
stable up to 298 0C. 
© 2015 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the scientific committee of Symposium 2015 ICMAT. 
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1. Introduction 
     The organic ʌ-conjugated systems have widely been investigated as effective NLO materials due to strong charge 
transfer in the system. These compounds generally show high degree of nonlinearity, high damage resistance, faster 
optical response and high nonlinear optical susceptibilities compared to conventional materials. Among the organic 
materials the chalcone derivatives are the promising ones with good NLO efficiency and transparency. Several 
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chalcone derivatives with good NLO efficiency have been prepared and their ultrafast nonlinearities have been 
reported [1]. 
     Recently, chalcone doped polymers [2-4] are gaining attention of researchers due to their interesting properties 
and potential applications. However few studies have been devoted to polymer–guest interactions in which the 
embedded chromophore plays vital role in the NLO properties of the polymers. As a host PVA is a widely studied 
polymer due to its physical properties which are resulting from crystalline- amorphous interfacial effects. The 
dopant modifies the optical, electrical and thermal properties of PVA [5]. 
     In the present study we report the synthesis and characterization of a chalcone, PDAC and effect of its doping on 
optical and thermal properties of PVA. We explore third order NLO parameters through well known Z-scan with 
7ns laser beam and compare them with pico second DFWM results.   
2. Experimental 
     The chalcone PDAC was synthesized by Claisen – Schmidt condensation method [6]. The PVA films with 
different amounts of PDAC concentration were prepared by solution casting method [7]. The PVA films doped with 
dopant mass fractions of 0.25, 0.5, 0.75 and 1M (wt %) were prepared. 
     The FT-IR spectra of the pure materials and films were recorded using Thermo Nicolet, Avatar 370 FT-IR in the 
wave number range 400 cm-1 to 4000 cm-1. The UV-Vis absorption spectrum was recorded using Shimadzu UV-
1061 UV-Vis spectrophotometer in the range 200–800 nm.  
     The third-order optical nonlinearities of PVA, PDAC and PVA/PDAC composites were investigated by the Z-
scan technique [8].  Here a Q-switched Nd: YAG laser with a pulse width of 7 ns at 532 nm and energy of 200 ȝJ 
was used as a source of light. The output of the laser had nearly Gaussian intensity profile. A lens of focal length 25 
cm was used to focus the laser pulses. The resulting beam waist radius ω at the focused spot was 18.9 ȝm and the 
corresponding Raleigh length was 2.1083 mm. The scan was obtained with a 50% aperture size (S = 0.5) 
corresponds to a peak irradiance 4.78 GW cm-2. In order to avoid cumulative thermal effects, data were collected in 
single-shot mode. Both incident and transmitted energies were measured simultaneously by two pyroelectric 
detectors with a Laser Probe Rj-7620 energy ratio meter. The experiments were performed at room temperature and 
calibrated with CS2 as reference.  
     The third order NLO parameters of films were also measured for pico second laser pulses through Degenerate 
Four Wave Mixing (DFWM) experiment. The DFWM setup used was in box-car geometry.  By maintaining same 
polarization for the three incident beams, Ȥ (3) was estimated. The input powers for the three input pulses were 
chosen such that effect of nonlinear absorption can be neglected and hence the obtained DFWM signal contains 
purely instantaneous nonlinear response of the sample. The obtained Ȥ (3) data will hence be purely real in nature 
without any contribution of imaginary components due to multi photon absorption. Also the choice of low input 
powers allows neglecting the contribution of higher order nonlinearities.  
     The linear refractive index of composite films was determined by Brewster’s angle method. Thermo-gravimetric 
analysis (TGA) of these films was done by PYRIS DIAMOND TGA/DTA thermal analysis system in nitrogen 
atmosphere, with a heating rate of 10 °C/min, using Al2O3 as standard reference.  
3. Results and Discussion 
3.1. Single crystal XRD 
     The x-ray diffraction measurements were carried out on a DIP Labo Imaging plate diffractometer with kappa 
geometry equipped with a normal focus, 3 kW sealed X-ray source (graphite monochromatic MoKĮ). Crystal with 
dimension 0.3 x 0.2 x 0.2 mm3 was selected for measurement. The experimental details are as given in our earlier 
communication [9]. Full-matrix least-squares refinement using SHELXL-97 with isotropic temperature factors for 
all the atoms were performed for crystal PDAC till residual R1 value saturated to R1= 0.1225. One hundred and 
seventy five parameters were refined with 3426 unique reflections. From the single crystal XRD data it is observed 
that the crystal belongs to monoclinic system with a space group P21/c. The crystal parameters are a = 13.18 Å, b = 
11.85 Å, c = 9.55 Å, ȕ = 109.560 
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3.2. FT-IR study of pure PVA, PDAC and PVA/PDAC composites 
     The IR spectra of pure PDAC is shown in Fig. 1 and that of pure PVA and PVA/PDAC composites are shown in 
the Fig. 2. The spectrum of pure PDAC shows an absorption band at 1647.6 cm-1 typical of an α, β - unsaturated 
carbonyl functional groups with s-trans configuration. Another strong absorption band at 1529.5 cm-1 could be 
attributed to C=C stretching of aromatic rings and a band at 1440.9 cm-1indicates C-H bending of methyl groups. 
The closely placed bands at 2808.7 cm-1 and 2905.2 cm-1 are due to C-H stretching frequencies of methyl groups. 
The other weak bands observed at around 3050 cm-1 are due to C-H stretching frequencies of phenyl rings and 
olefinic C-H stretching frequencies of carbonyl groups of chalcone moiety. The C-H out of plane bending bands of 
aromatic C-H is observed as medium bands at 777.2 cm-1, 815.3 cm-1 and 945.8 cm-1. Hence the spectrum confirms 
the functional groups present in the compound. 
     The spectrum of pure PVA shows a peak at 3421 cm-1 that can be attributed to OņH stretching of hydroxyl 
groups. The C–H asymmetric stretching and symmetric stretching vibrations have appeared at 2922 cm-1 and 2838 
cm-1 respectively. The CņH bending of methyl group has appeared at 1425 cm-1 and the C-O stretching of acetyl 
group present on the PVA backbone has appeared at 1081 cm-1. The faint absorption peaks corresponding to C=C 
stretching vibrations occur around 1642 cm-1 and acetyle C=O stretching vibrations around 1733 cm-1. The 
corresponding bending, wagging of CH2 vibrations are at 1438 cm-1 and 1378 cm-1 respectively.  
 
 
 
 
 
 
 
 
 
 
 
                        
                                   Fig. 1. FT-IR spectrum of PDAC                                             Fig. 2. FT-IR spectrum of PVA/PDAC composite films 
The spectrum of PVA/PDAC composites show shift in stretching frequency of hydroxyl (OņH) groups of pure 
PVA observed at 3421 cm-1 to 3427 cm-1. The CņH asymmetric stretching vibration band observed at 2922 cm-1 for 
PVA is shifted to 2926 cm-1 for composite. The CņH symmetrical stretching band of PVA observed at 2853 cm-1 is 
shifted to 2845 cm-1 for the composite. But these band positions are seen at 2905 cm-1 and 2808 cm-1 respectively in 
pure PDAC. Another characteristic band at 1085 cm-1 is assigned to the stretching of C-O of PVA which is 
influenced by hydrogen bonding along with C-H and O-H bending. The band corresponding to C-N stretching 
vibrations observed for pure PDAC is missing for PVA/PDAC composites. The appearance of new peaks along with 
changes in existing peaks (and/or their disappearance) in IR spectra of the composites is a direct indication of the 
complexation of PVA and PDAC and is understood based on various types of associations between these molecules 
as per reaction mechanisms shown in Fig. 3. The carbonyl bonds of the composites are seen as shifts in stretching 
modes with the peaks at 1632–1633 cm-1 but for pure PDAC the C=O stretching band  is observed at 1645 cm-1.  
     The complex formation occurs in a cooperative way, leading to compact structures. The complexation modifies 
structure of the polymeric systems and changes its physical and chemical properties. The interaction of N, N-
dimethylamino as well as the carbonyl groups of PDAC with the O-H groups of PVA in the PVA/PDAC composite 
is also expected to take place at different positions of PVA main chain. Particularly the hydrogen-bonding which 
take place between the ‘N’ atoms of dimethylamino group with the O-H groups of PVA and between carbonyl ‘O’ 
atoms of PDAC and O-H groups of PVA as shown in the reaction scheme form the Charge Transfer Complex 
(CTC). 
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     The hydrophobic interactions as shown in the reaction scheme also take place. All these modifications are 
reflected in the FTIR spectra in the form of shifting characteristic band positions and variations in the band 
intensities, suggests that the chalcone chromophore PDAC is strongly interacting with the PVA. 
 
 
 
                    
 
                    
 
 
                        Fig.3. Reaction mechanism scheme of interaction of PDAC with PVA 
3.3. Linear Optical Studies 
     The linear optical properties of the films were studied using UV-Vis absorption spectrum and linear refractive 
index by Brewster’s angle method. The UV-Vis spectrum is shown in Fig. 4. The PVA/PDAC composite films show  
absorption bands at 242-252 nm due to carbonyl group containing segments and are assigned to n-ʌ* inter band 
transitions arising due to the charge transfer groups. Here both absorption peak and absorption edges have slightly 
shifted towards longer wavelength with an increase of dopant concentration. These shifting of peaks are understood 
based on CTC formation. The PDAC contains both electron acceptor (C=O) and donor (N (CH3)2 groups and hence 
it forms CTC when doped to PVA as seen in FTIR results. These CTC modifies the band structure as well as band 
gaps, and as a result, both intensity and absorption band edge shifts. An absorption peak observed at 400 nm for 
pure PDAC has vanished in the composite. This further confirms the strong interaction of PDAC with PVA. 
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. UV-Visible spectrum of PVA, PDAC and PVA/PDAC composites 
     The linear refractive index of the composite films was determined by Brewster’s angle method at 632.8 nm. It is 
observed that the linear refractive index of films decrease with increase of doping concentration. This may be due to 
anisotropic nature of chalcone chromophore within polymer matrix. The redistribution of charges due to doping 
reorients the polar groups C=O, N(CH3)2 etc. of chalcone molecule and this reorientation gives rise to optical 
anisotropy. 
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3.4. Z-Scan 
     To evaluate the NLO response of pure and composite materials the Z-Scan was performed under both OA and 
CA configurations. Fig. 5 presents the response of pure PVA and PVA/PDAC composite under OA configuration. 
The open aperture Z-scan was performed on the film doped with 0.5 wt% by measuring the transmitted intensity as a 
function of the sample position z, measured with respect to the focal plane while the sample is translated along the z 
direction. The scan was obtained on pure PVA also which showed almost negligible absorption. Maximum 
absorption typically occurs when the sample is at the focal point of the lens where the on-axial peak intensity I0 of 
the beam is maximum. The reduction in the transmittance is independent of non-linear refraction (NLR) and can be 
used to determine the value of NLA coefficient (β) using the depth of the valley. 
 
 
 
 
 
 
 
 
 
 
 
   Fig. 5. Open aperture curve for PVA and PVA/PDAC films.            Fig. 6. Pure nonlinear refraction curve for PVA and PVA/PDAC films 
 The solid line is a theoretical fitting with  ȕ=2.7 × 10−11 m W−1.         The solid line is a theoretical fitting with   ǻĳ=+2.0 
 
     The nonlinear absorptive coefficient, ȕ, is obtained by theoretical fitting of experimental data as given in 
literature [10]. The data yields ȕ = 2.7 × 10−11 m W−1 for PVA/PDAC composites.  The value of ȕ obtained for pure 
PDAC is 4.0 × 10−11 m W−1.  
     The excited state absorption cross section, ıex, for the compound was determined by the procedure described in 
the literature [11] by fitting OA data to the equation  
( )20 02ln 1 (1 )1 qT q xx§ ·= + +¨ ¸+© ¹  
Where x = z/z0, q0 = αıexF0Leff/2hȞ, F0=2E/πω² is the fluence of the laser at the focus. It yields ıex = 1.21 × 10−20 m2. 
The ground-state absorption cross section, ıg, calculated from Į = ıgNC, where N is Avogadro’s number and C is the 
concentration in mol cm−3, is 1.16 × 10−25 m2. It is known that the reverse saturation absorption arises in a molecular 
system when the excited state absorption cross section is larger than the ground-state absorption cross section [11, 
12]. Accordingly in the present case the value of ıex is larger than the value of ıg, which is in agreement with the 
condition for observing reverse saturation absorption. A small linear absorption at 532 nm and the measured ıex 
values indicate that there is a contribution from excited state absorption to the observed NLA. Therefore, we 
attribute this observed nonlinear absorption to two photon excited state absorption leading to reverse saturation 
absorption.  
     From the CA curve (Fig 6) it is very clear that the peak and valley are asymmetric i.e., there is a suppressed peak 
and an enhanced valley owing to the presence of the NLA effect. This indicates that PDAC possesses negative NLR 
property (defocusing). Using the transmittance measurements the nonlinear refraction coefficient, Ȗ, of the materials 
is obtained with a small aperture or nearly CA data. Since the transmittance is affected by both NLA and NLR the Ȗ 
is determined by the division of the CA data with the OA data. To determine Ȗ the experimental data was fitted with 
the equation given in literature [11]. The fitting of the experimental data yields value of γ for composites, equal to    
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-46 × 10−18 m² W−1 and -4.03 × 10−18 m² W−1 for pure PDAC. The nonlinear refractive index n2 is related to Ȗ by  
n2 (esu) = (cn0/40ʌ) Ȗ (m2 W−1) and it is found to be -15.5 × 10−11 esu for composite and -1.35 × 10−11 esu for pure 
PDAC. 
     Using the estimated NLR coefficient (Ȗ) and NLA coefficient (β) the real and imaginary parts of the third order 
nonlinear susceptibility can be calculated using [11] 
Re Ȥ(3)= 2n02İ0cȖ, 
 
Im Ȥ(3)= n02İ0cȜȕ/2ʌ , 
Where c is the velocity of the light in vacuum, ε0 is the permittivity of the free space, n0 is the linear refractive index 
of the sample solution. The calculated real part of third-order susceptibility, Reχ(3) and  imaginary part,  Imχ(3) are 
4.85  × 10-19  m2V-2 and 12.0 × 10-21 m2V-2 respectively. 
     The above results show that the real part of optical susceptibility of composite films has increased compared to 
pure PDAC whereas the imaginary part of susceptibility of films has decreased. The reason for the increased NLR 
activity in the PDAC doped polymer is due to the presence of N (CH3)2  chromophores which interacts with O-H 
groups of PVA and forms a charge transfer complex. In the first place the chalcone itself being a ʌ conjugated 
material exhibits high third order NLO property. This is due to donor-acceptor structure of PDAC wherein 
delocalization of ʌ electrons takes place between acceptor carbonyl, C=O, group and donor, N (CH3)2, group under 
the effect of photon interaction. The carbonyl group acts as an acceptor because of Oxygen atom which is more 
electronegative and N, N-dimethylamino chromophore acts as donor due to presence of lone pair of electrons on 
Nitrogen atoms that increases the electron density of phenyl ring to which this group is attached. So there is a 
greater donation of ʌ-electrons from the donor to the carbonyl acceptor which results in an increase in the magnitude 
of the dipole moment and hence large NLO effects.  
     It is observed that the third-order nonlinear susceptibility value of PDAC doped PVA composites are higher than 
that of poly (phenyl acetylene) [12, 13], poly (dihexylsilane) [14] and poly (3-dodecyloxymethylthiophene) [15]. 
The ȕ value is also comparable with those values obtained for fluorinated poly (p-phenylenevinylene) copolymers 
by Cassano et al [16].   
3.5. Degenerate Four Wave Mixing (DFWM) Studies  
     The Ȥ (3) values of PDAC doped PVA film with PDAC concentration 0.5 wt%  was measured by observing 
DFWM signal power for an input power of 35 micro watt. The measurement was carried out with a reference 
material, CS2,whose Ȥ(3) value  is well characterized. Different Ȥ(3) components were measured using pulses of 
different polarizations. Zero-order half wave plates and polarizers, P, were used to set the polarizations of pump, 
probe, and signal pulses. When all beams had vertical polarization, component Ȥ(3)yyyywas measured. The probe and 
signal beams were polarized horizontally and component Ȥ(3)xyyxwas measured.  The ratio of Ȥ(3)yyyyto Ȥ(3)xyyx, which is 
close to 3, suggests that there is no significant contribution from the coherent coupling effects. The Ȥ(3) value  
obtained by using the equation given in literature [ 11] is 4.5 x 10-20 m2V-2.   
     In general, a number of mechanisms are involved in the origin of nonlinearity. If a third-order electronic 
polarization dominates, then provided that Ȧ and 2Ȧ are much smaller than the electronic transition frequencies, the 
Kleinman relations predict that |Ȥ(3)xyyx|/|Ȥ(3)yyyy|=1/3 [17]. For the PDAC doped PVA, we find the ratio 
|Ȥ(3)xyyx|/|Ȥ(3)yyyy| lies at 0.3. This is due to contributions from weak long-lived intensity gratings generated in the 
yyyy configuration. Hence, by observing experimental ratios it is concluded that the nonlinearity is electronic.  
3.6. Thermo gravimetric Analysis 
     The thermograms for PVA/PDAC composites are given in Fig. 7. The thermogram of composites show 
maximum rate of material decomposition at 298 °C corresponding to the maximum rate of weight loss. This reflects 
the scission of the structure of the compound and is a kinetic parameter reflecting the mechanism of the process. 
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                                                                  Fig. 7. TGA curves for pure PVA and PVA/PDAC composites 
     The curve shows weight losses when the film is heated between 298 °C and 470 °C. Thereafter, there is no 
further weight loss up to 900 °C. Another important observation is that, there is no phase transition till the material 
melts and this enhances the temperature range for the utility of the samples for NLO applications. The absence of 
water of crystallization in the molecular structure is indicated by the absence of the weight loss around 100 °C.  
4. Conclusions 
     The PVA/PDAC composite films were prepared by solution casting method. The composites were characterized 
by FT-IR, UV-Vis, Z-Scan, DFWM and TGA techniques. The UV-Vis spectrum revealed transmittance in the 
visible region. The sign and magnitude of nonlinear refractive coefficients were obtained from the closed aperture Z-
scan data while an effective nonlinear absorption coefficient was evaluated from the open aperture Z-scan data. The 
third order nonlinear optical susceptibility Ȥ (3) was found to be high compared to many other materials reported in 
the literature.   
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